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The increase in global oil and gas demand requires efficient use and sustained supply of limited oil 
and gas resources. In addition, there is a pressing need for more environmentally friendly oil and gas 
processing systems to deal with the problems of global warming and increased carbon dioxide emissions 
resulting from the increase in energy consumption. To meet these needs of not only the enhancement of 
gas processing efficiency but also the reduction of carbon dioxide emissions, process centrifugal 
compressors, which are widely used in gas processing plants in the oil and gas industry, should achieve 
high efficiency with wide operating range. In the oil and gas industry, many centrifugal compressors used 
are multistage type that consists of a suction channel before the first stage impeller, multistage impellers 
mounted in a single rotating shaft, radial outflow diffusers and return channels between the former and 
latter stages of impellers, and a discharge volute after the last stage diffuser. Numerous previous studies 
on performance improvement have been performed. However, the design solution for each of the 
elements, namely, the suction channel, impeller, and return channel, which achieves high efficiency with 
wide operating range has not been identified yet. Therefore, the objective of this study is to propose a 
solution that satisfies the requirements of higher efficiency with wider operating range in a multistage 
centrifugal compressor. To achieve this target, the performance improvement of each element, such as the 
impeller, suction channel, and return channel, was attempted using CFD simulations and verification 
tests.  
First, centrifugal compressor impeller was selected as the focused element because of its dominant 
influence on the overall efficiency and operating range. The improvement of efficiency and operating 
range by modifying blade-loading distribution of 3-D impellers was investigated using CFD simulations 
and performance tests. The design points of suction flow coefficients investigated were 0.05 and 0.073. 
Two design approaches for 3-D impeller were employed: a conventional method and a newly developed 
one. In order to achieve higher efficiency and wider operating range, the blade-loading distribution was 
modified in the new design procedure. The blade-loading distribution was modified to achieve higher 
efficiency by increasing the front load around the inlet and wider operating range by decreasing the peak 
load around the center in comparison with a conventionally designed 3-D impeller. After CFD analyses of 
the design results, to clarify the performance improvement of newly developed 3-D impellers against 
conventionally designed 3-D ones and 2-D ones, both performance characteristics were compared in the 
verification performance tests. The test results showed the efficiencies of the newly designed 3-D 
 
impellers were increased by about 0.51.5% in comparison with those of the conventional impellers, 
while their operating ranges were almost the same. Further, the efficiencies of the newly designed 3-D 
impellers were increased by about 3% in comparison with those of the 2-D impellers at both design points. 
At the same time, the operating ranges of the former impellers were about 2.12.8 times wider than those 
of the latter. The modified blade-loading distribution of the newly developed 3-D impeller was concluded 
to achieve higher efficiency with wider operating range.  
Second, design parameters for a suction channel of process centrifugal compressors were investigated, 
and a newly developed design method to improve efficiency by using the new design parameters was 
proposed. Both pressure loss and circumferential flow distortion in the suction channel were evaluated by 
using CFD simulations. The main dimensions, which had a large influence on pressure loss and 
circumferential flow distortion, were identified by using DOE. Based on these identified dimensions of a 
suction channel, the passage sectional area ratios Ac/Ae, Ae/As, and Ac/As were found to be the dominant 
design parameters for the pressure loss and circumferential flow distortion, where Ac, Ae and As are 
passage sectional areas for the casing upstream side, casing entrance and impeller eye, respectively. The 
shape of the suction channel was modified using Ac/Ae, Ae/As, and Ac/As for the improved type. To evaluate 
the improvement effect of changing the values of Ac/Ae, Ae/As, and Ac/As on compressor stage performance, 
a base suction channel and an improved type of suction channel were manufactured and tested. The 
design suction flow coefficient was 0.1. Test results showed that the modified suction channel achieved 
3.8% higher stage efficiency than the base one while maintaining the overall operating range from surge 
to choke. The design method of suction channels using the described three design parameters was 
concluded to be very effective for educing the original performance of the first stage impeller. 
Finally, the effects of a return channel with splitter vanes on the performance of a multistage 
centrifugal compressor were investigated. As a preliminary study, the appropriate location of the splitter 
vanes was numerically examined using CFD with the aim of achieving higher overall efficiency. The 
results indicated that the appropriate location was the 30% of the normalized pitchwise distance from the 
suction side of the main vane, with the leading-edge located at a radius ratio to the main vane 
trailing-edge of 1.77. To investigate the effects of the return channel with and without the appropriately 
located splitter vanes on the overall performance, performance tests were carried out using a 
one-and-half-stage test rig. Three pre-swirl vanes, whose vane angles from the tangential direction at the 
trailing-edge were 20, 30 and 40 were used to simulate three operating conditions of the former stage 
diffuser with low, design and high flow coefficients, respectively. The design flow coefficient of the 
downstream impeller was 0.073. The test results showed that the return channel with the appropriately 
located splitter vanes achieved 11.8% higher overall efficiency at the high flow coefficient with respect to 
the case without the splitter vanes while maintaining the same efficiency at both low and design flow 
coefficients. The return channel with the appropriately located splitter vanes was concluded to be 
effective for improving the efficiency at large flow operation of a multistage centrifugal compressor. 
